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Abstract 
 
 
 
 
 
.  
ABSTRACT 
 
In this work, we present an exhaustive calculations of the interaction of 
nitrogen atoms and molecules with the Fe(111) surface. These calculations 
set the basis for subsequent analysis of the N2 dissociation dynamics. We 
perform Density functional Theory spin-polarized calculations. We first 
study the relaxation of the Fe(111) surface, which was a matter of 
controversy in the past. From here, we calculate the interaction energy of 
nitrogen atoms and molecules when approaching the Fe(111) surface. Our 
results show the preferred adsorption paths and sites for nitrogen 
adsorption, as well as the adsorption energies.  
  
MOTIVATION  
THEORETICAL METHODS  
 ---------------------------------------------------------------- 
Ammonia synthesis:  
3H2(g) + N2 (g) ↔ 2NH3(g)  
Fe as a catalyst 
20% of chemical industry 
• To simulate the system, we need first to relax the Fe(111) surface 
layers. 
 
• Calculated lattice constant  a = 2.855 Å, observed value = 2.867 Å 
[1]. 
 
• Interlayer distance dij = 0.82 Å 
 
 
• All DFT calculations were performed using VASP (plane-wave basis set). 
• The exchange-correlation energy is calculated with GGSA and the energy 
functional (PW91). 
• The electron-core interaction is described by PAW pseudopotentials. 
• The calculation of adsorption energy of N2/Fe(111) is performed using a (2 x 
2) supercell and keeping the geometry of the slab frozen. 
• The Brillouin-zone integration is performed with a  
            For lattice parameter (21 x 21 x 1) 
            For surface layers relaxation (8 x 8 x 1) 
            For  Nitrogen (atoms/molecules) adsorption (6 x 6 x 1) 
    Monkhrost-Pack grid of spacial K-points. 
 
Fe(111) is the most reactive iron face for N2 dissociation, the 
dynamics of such process has not been analyzed in detail.  
 
------------------------------------------------------------------------ 
------------------------------------------------------------------------ 
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RESULTS 
Δ12    ͌  -7,8 % 
Δ34    ͌  9,7 % 
Δ23    ͌  -20,7 % 
Δij interlayer spacing changes in % of the bulk spacing d 
Adsorption energy of N2 on top 
of the Fe(111) surface slab does 
not depend on the number of 
layers 
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Relaxation measurements of Δij as a percentage of the bulk interlayer 
spacing for the Fe(111) surface. The calculated values are shown as a 
function of the number of layers in the slab, up to 19-layers 
The adsorption energy of N2 with θ = 0, φ = 0 on top of relaxed Fe(111) 
slab layers as a function of the vertical distance from the surface (Z). The 
internuclear distance is fixed to the equilibrium bond length, req = 1.1125 Å 
Dependence of the ab-initio potential energy for N2/Fe(111) on 
the distance of the molecular center from the surface Z for fixed 
X, Y, θ  and φ . In all cases the internuclear distance is also fixed 
to the equilibrium bond length, req = 1.1125 Å 
The rate-limiting step in 
ammonia formation is the  
dissociative adsorption of 
N2 on the surface 
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 Top 19 layers
very small 
difference 
< 0.05 eV 
The molecule prefers to 
accommodate at the 
surface perpendicularly 
Fe (111) unit cell 
Fe(111) side view 
N2/Fe (111 ) 
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• The magnitude of the interlayer spacing of the surface relaxations are qualitatively close to the LEED values, but 
do not actually lie within the same range of measurements. 
 
• The interlayer spacing does not depend much on the number of layers in the slab. 
 
• The adsorption energy of N2 on Fe(111)  does not depend much on the number of slab layers. 
 
• For N2/Fe(111) system, the molecule prefers to accommodate at the surface perpendicularly. 
 
• Calculations of  adsorption energy of atomic nitrogen have been performed, for 15 different adsorption sites: The 
preferred adsorption site for the nitrogen atom is the bridge site. 
 
 
Dependence of the ab-initio potential energy for N/Fe(111) on the 
distance of the atom from the surface Z for fixed X, Y .  
Frozen surface approximation 
The atom prefers to adsorb at  the 
bridge site. 
The adsorption energy for N/Fe(111) on the bridge site = 5,8 eV 
Frozen surface approximation 
Reference system 
0 1 2 3 4 5
-286
-284
-282
-280
-278
-276
-286
-284
-282
-280
-278
-276
 
 
P
o
te
n
ti
a
l 
E
n
e
rg
y
 (
e
V
)
Z (A)
 TOP
 HCP
 FCC
 bridge
 Top-HCP
 Top-FCC
